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Description 

[PIXEL STRUCTURE OF ACTIVE ORGANIC 
LIGHT EMITTING DIODE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92128044, filed October 09, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a pixel structure of an ac- 
tive organic light emitting diode, and more particularly to 
a pixel structure of an active organic light emitting diode 
having lightly doped drain regions. 

[0004] Description of the Related Art 

[0005] By the advance of technology, a variety of computers, cel- 
lular phones, PDA, digital cameras, etc. have been devel- 
oped. In these electronic products, displays are very es- 
sential thereto. Because of their small size, weight and low 
power consumption, flat panel displays have been widely 



used. In flat panel displays, organic light emitting diode 
displays have wide view angle, contrast of color, lower 
weight, high responsive speed and low costs, and are 
adapted to be used in electronic clocks, cellular phones, 
PDA, digital cameras, etc. Initially, the organic light emit- 
ting diodes are passive-drive diodes. Because the lumi- 
nescence and service life of these passive diodes will de- 
cay by the size and resolution of the displays, organic 
light emitting diode displays having active-drive diodes 
are developed. 

[0006] please referring to FIG. 1, it is a schematic drawing show- 
ing a prior art pixel structure of an organic light emitting 
diode. The pixel structure of an organic light emitting 
diode 100 comprises a data-line 104, a scan-line 102, a 
switch thin film transistor 110, a control thin film transis- 
tor 120, a capacitor 130 and an organic light emitting 
diode 140. The gray level of the pixel structure of an or- 
ganic light emitting diode 100 is determined by the volt- 
age of the data-line 104. When the scan-line 102 turns on 
the switch thin film transistor 110, the voltage of the 
data-line can control the gate terminal (not shown) of the 
control thin film transistor 120 through the switch thin 
film transistor 110 for supplying current to the light emit- 



ting diode 140 thereby generating different gray level. 
When the switch thin film transistor 110 is turned on, the 
capacitor 130 is charged for reserving voltage. When the 
switch thin film transistor 110 is turned off, the capacitor 
130 is discharged for maintaining on-state of the control 
thin film transistor 120. Therefore, the light emitting 
diode 140 can provide the same brightness. 

[0007] please referring to FIG. 1, the switch thin film transistor 
110 and the control thin film transistor 120 can be, for 
example, an amorphous-silicon thin film transistor or a 
poly-silicon thin film transistor. Compared with the amor- 
phous-silicon thin film transistor, the poly-silicon thin 
film transistor has low power consumption and high elec- 
tron mobility. Although early poly-silicon thin film tran- 
sistors are processed by a high-temperature method, 
low-temperature poly-silicon thin film transistors have 
gradually the high-temperature diodes and become the 
mainstream in this filed. 

[0008] when the poly-silicon thin film transistor serves as the 
switch thin film transistor, leakage current still exists in 
the channel region even if the switch thin film transistor is 
turned off. The voltage maintained by the capacitor, 
therefore, drops and affects the stability of the organic 



light emitting diode. FIG. 2 is an l-V curve of a prior art 
poly-silicon thin film transistor. From the curve, the Kink 
effect arises when the voltage is within the saturation re- 
gion. It means that the current from the control thin film 
transistor varies with the driving voltage and cannot 
maintain at a fixed value. Accordingly, the reliability of the 
control thin film transistor becomes worse and the lumi- 
nescence of the diode is affected. 
Summary of Invention 

[0009] Therefore, the object of the present invention is to pro- 
vide a pixel structure of an active organic light emitting 
diode which can improve luminescent stability and relia- 
bility for better display performance. 

[0010] From the object described above, the present invention 

discloses a pixel structure of an active organic light emit- 
ting diode, which comprises an organic light emitting 
diode, a data-line, a scan-line, a switch thin film transis- 
tor, a control thin film transistor and a capacitor. The 
switch thin film transistor has, for example, a first gate 
terminal, a first source terminal, a first drain terminal and 
a first lightly doped drain region (LDD), wherein the first 
gate terminal is coupled to the scan-line and the first 
source terminal is coupled to the data-line. The control 



thin film transistor has, for example, a second gate termi- 
nal, a second source terminal, a second drain terminal and 
a second lightly doped drain region, wherein the second 
gate terminal is coupled to the organic light emitting 
diode, and the first lightly doped drain region and the 
second lightly doped drain region have different doped 
concentrations. Additionally, the capacitor is coupled to 
the first drain terminal and to the second gate terminal. 

[0011] The doped concentration of the second lightly doped 

drain terminal is higher than that of the first lightly doped 
drain region. In addition, both of the switch thin film tran- 
sistor and the control thin film transistor can be P-type 
low-temperature poly-silicon thin film transistors or N- 
type low-temperature poly-silicon thin film transistors. 

[0012] prom the object described above, the present invention 

discloses another pixel structure of an active organic light 
emitting diode, which comprises an organic light emitting 
diode, a data-line, a scan-line, a switch thin film transis- 
tor, a control thin film transistor and a capacitor. The 
switch thin film transistor has, for example, a first gate 
terminal, a first source terminal, a first drain terminal and 
a first lightly doped drain region, wherein the first gate 
terminal is coupled to the scan-line and the first drain 



terminal is coupled to the data-line. The control thin film 
transistor has, for example, a second gate terminal, a sec- 
ond source terminal, a second drain terminal and a sec- 
ond lightly doped drain region, wherein the second gate 
terminal is coupled to the first source terminal, the sec- 
ond drain terminal is coupled to the organic light emitting 
diode, and the first lightly doped drain region and the 
second lightly doped drain region have different lengths. 
The capacitor is coupled to the first drain terminal and to 
the second gate terminal. 

[0013] According to the preferred embodiment of the present in- 
vention, the first lightly doped drain terminal is longer 
than the second lightly doped drain region. In addition, 
both of the switch thin film transistor and the control thin 
film transistor can be P-type low-temperature poly-silicon 
thin film transistors or N-type low-temperature poly- 
silicon thin film transistors. 

[0014] prom the object described above, the present invention 
further discloses a pixel structure of an active organic 
light emitting diode, which comprises an organic light 
emitting diode, a data-line, a scan-line, a switch thin film 
transistor, a control thin film transistor and a capacitor. 
The switch thin film transistor has, for example, a first 



gate terminal, a first source terminal, a first drain terminal 
and a first lightly doped drain region, wherein the first 
gate terminal is coupled to the scan-line and the first 
drain terminal is coupled to the data-line. The control thin 
film transistor has, for example, a second gate terminal, a 
second source terminal and a second drain terminal, 
wherein the second gate terminal is coupled to the first 
source terminal and the second drain terminal is coupled 
to the organic light emitting diode. Additionally, the ca- 
pacitor is coupled to the first drain terminal and to the 
second gate terminal. 

[0015] According to the preferred embodiment of the present in- 
vention, both of the switch thin film transistor and the 
control thin film transistor can be P-type low-temperature 
poly-silicon thin film transistors or N-type low- 
temperature poly-silicon thin film transistors. 

[0016] From the descriptions mentioned above, the pixel struc- 
ture of an active organic light emitting diode of the 
present invention uses a lightly doped drain region to re- 
solve the issues above. In the pixel structure of an active 
organic light emitting diode of the present invention, the 
lightly doped drain region can be following structures in 
which: (1) The doped concentration of the second lightly 



doped drain terminal is higher than that of the first lightly 
doped drain region. (2) The first lightly doped drain ter- 
minal is longer than the second lightly doped drain re- 
gion. (3) The lightly doped drain region is only formed 
within the switch thin film transistor. 

[0017] The pixel structure of an active organic light emitting 

diode of the present invention can reduce the leakage of 
the switch thin film transistor and stabilize the output 
voltage of the capacitor. Furthermore, the pixel structure 
of an active organic light emitting diode of the present in- 
vention can reduce Kink effect, improve the stability of the 
control thin film transistor and enhance the display per- 
formance of the diode. 

[0018] | n order to make the aforementioned and other objects, 
features and advantages of the present invention under- 
standable, a preferred embodiment accompanied with fig- 
ures is described in detail below. 
Brief Description of Drawings 

[0019] FIG. 1 is a schematic drawing showing a prior art pixel 
structure of an organic light emitting diode. 

[0020] FIG. 2 is an l-V curve of a prior art poly-silicon thin film 
transistor. 

[0021] FIG. 3 is a schematic drawing showing a preferred pixel 



structure of an organic light emitting diode in accordance 
with the present invention. 

[0022] FIG. 4 is a schematic cross-sectional view of the switch 
thin film transistor described above. 

[0023] FIG. 5 is a schematic cross-sectional view of the control 
thin film transistor described above. 

[0024] FIG. 6 is an l-V curve of the pixel structure of an active 

organic light emitting diode of the present invention hav- 
ing the lightly doped terminal. 
Detailed Description 

[0025] please referring to FIG. 3, it is a schematic drawing show- 
ing a preferred pixel structure of an organic light emitting 
diode in accordance with the present invention. The pixel 
structure of an organic light emitting diode 200 com- 
prises, for example, an organic light emitting diode 240, a 
data-line 204, a scan-line 202, a switch thin film transis- 
tor 210, a control thin film transistor 220 and a capacitor 
230. The switch thin film transistor 210 has a first gate 
terminal 212 and a first source terminal 214, wherein the 
first gate terminal 210 is coupled to the scan-line 202 
and the first source terminal 214 is coupled to the data- 
line 204. The control thin film 220 transistor has a second 
gate terminal 222, a second source terminal 224 and a 



second drain terminal 226, wherein the second gate ter- 
minal 222 is coupled to the switch thin film transistor 210 
and the second drain terminal 226 is coupled to organic 
light emitting diode 210. Additionally, the capacitor 230 is 
coupled to the first drain terminal 216 of the switch thin 
film transistor 210 and to the second gate terminal 222 of 
the control thin film transistor 220. 
[0026] please referring to FIG. 4, it is a schematic cross-sectional 
view of the switch thin film transistor described above. 
The switch thin film transistor 210 is, for example, a P- 
type low-temperature poly-silicon thin film transistor, 
which comprises a first gate terminal 212, a first source 
terminal 214 comprising a first source region 214a and a 
first source metal layer 214b, a first drain terminal 216 
comprising a first drain region 216a and a first drain 
metal layer 216b, a channel region 217, a gate dielectric 
layer 218, an inter-layer dielectric layer 219 and a first 
lightly doped drain region 250. The first source region 
214a, the first drain region 216a, the first lightly doped 
drain region 250 and channel region 217 are formed on a 
substrate 211. The first source region 214a and the first 
drain region 216a are next to the channel region 217. The 
first lightly doped drain region 250 is formed between the 



first source region 214a, the first drain region 216a and 
the channel region 217. 

[0027] | n addition, the gate dielectric layer 218 is over the first 
source region 214a, the first drain region 216a, the first 
lightly doped drain region 250 and the channel region 
217. The first gate terminal 212 is on the gate dielectric 
layer 218 in response to the channel region 217. The in- 
ter-layer dielectric layer 219 is over the substrate 211, 
covering the first gate terminal 212. The first drain metal 
layer 214b and the first source metal layer 216b are 
formed on the inter-layer dielectric layer 219. The first 
drain metal layer 214b and the first source metal layer 
216b electrically connect with the first source region 214a 
and the first drain region 216a by contacts 219a and 219b 
through the inter-layer dielectric layer 219. 

[0028] please referring to FIG. 5, it is a schematic cross-sectional 
view of the control thin film transistor described above. 
The control thin film transistor 220 is, for example, a P- 
type low-temperature poly-silicon thin film transistor. The 
structure of the control thin film transistor 220 is similar 
to that of the switch thin film transistor 210. The descrip- 
tions are not repeated. It should be noted that, according 
to the feature of the present invention, the first lightly 



doped drain region 250 of the switch thin film transistor 
210 and the second lightly doped drain region 260 of the 
control thin film transistor 220 have following relation- 
ships: (1) The doped concentration of the first lightly 
doped drain terminal 250 is lower than that of the second 
lightly doped drain region 260. (2) The length LI of the 
first lightly doped drain terminal 250 is larger than that L2 
of the second lightly doped drain region 260. 

[0029] | n addition to the control thin film transistor having the 
lightly doped terminal, the pixel structure of an organic 
light emitting diode in accordance with the present inven- 
tion also can be without the lightly doped drain region, 
which has the structure similar to that described above. 
The descriptions are not repeated. 

[0030] The pixel structure of an active organic light emitting 
diode of the present invention having the lightly doped 
terminal can extend the distance between the drain termi- 
nal and the source terminal. Therefore, it can reduce the 
leakage of the switch thin film transistor and stabilize the 
output voltage of the capacitor. Furthermore, the pixel 
structure of an active organic light emitting diode of the 
present invention can optionally use the lightly doped re- 
gion to reduce Kink effect. 



[0031] FIG. 6 is an l-V curve of the pixel structure of an active 

organic light emitting diode of the present invention hav- 
ing the lightly doped terminal. Obviously, when the driv- 
ing voltage (Vds) is within the saturation region, the cur- 
rent (Id) is substantially fixed. Therefore, when the driving 
voltage within the saturation region drops, the current 
supplied from the control thin film transistor to the or- 
ganic light emitting diode is maintained at a fixed value 
and the luminescence of the light emitting diode is more 
stable. From the switch thin film transistor and control 
thin film transistor, the pixel structure of an active organic 
light emitting diode of the present invention improve the 
stability thereof. Although both the switch thin film tran- 
sistor and control thin film transistor of the pixel structure 
of an active organic light emitting diode are P-type low- 
temperature poly-silicon thin film transistors, they also 
can be N-type low-temperature poly-silicon thin film 
transistors. 

[0032] Although the present invention has been described in 
terms of exemplary embodiments, it is not limited 
thereto. Rather, the appended claims should be con- 
structed broadly to include other variants and embodi- 
ments of the invention which may be made by those 



skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. 



